The essential oil from the aerial parts of Blumea lacera collected from Biratnagar, Nepal, has been obtained by hydrodistillation and analyzed by gas chromatography -mass spectrometry. The major component from the oil, (Z)-lachnophyllum ester, was isolated by preparative silica gel chromatography. B. lacera oil was dominated by (Z)-lachnophyllum ester (25.5%), (Z)-lachnophyllic acid (17.0%), germacrene D (11.0%), (E)-β-farnesene (10.1%), bicyclogermacrene (5.2%), (E)-caryophyllene (4.8%), and (E)-nerolidol (4.2%). Also detected in the oil were (E)-lachnophyllic acid (3.3%) and (E)-lachnophyllum ester (1.7%). (Z)-Lachnophyllum ester exhibited cytotoxic activity against MDA-MD-231, MCF-7, and 5637 human tumor cells, as well as antibacterial and antifungal activity.
Blumea lacera (Burm. f.) DC. belongs to the Asteraceae and is a common herb found growing in tropical and sub-tropical regions of Asia, Africa, and Oceania [1a] . The genus Blumea has around 100 species, some of which have been used traditionally as herbal medicines [1b] . B. lacera is known as "kukure" in Nepal and is traditionally used as an insect repellent [2a] and to treat cuts and wounds [2b,c] . It is an aromatic strong-scented herb that grows 0.5-1.0 m high with toothed leaves and purple flowers [2d] . The plant has also been used for bronchitis, blood disease, fever, as an antiinflammatory, and for the alleviation of burning sensation [3a] . Moreover, the methanolic leaf extract of B. lacera has been shown to have antibacterial, antifungal, antipyretic, cytotoxic, antileukemic, antiviral and antidiarrheal activities [3b] . There has been a US patent application for mosquito-repellant and insecticidal compounds identified from B. lacera volatile oils [4a] . In this report, we present the essential oil composition of B. lacera, along with its antibacterial, antifungal and cytotoxic activity.
The essential oil from the aerial parts of B. lacera was obtained in 1.0% yield, and a total of 77 compounds were identified constituting 98.2% of the essential oil ( Table 1 ). The major components of the oil were (E)-caryophyllene (4.8%), (E)lachnophyllic acid (3.3%), (E)-β-farnesene (10.1%), germacrene D (11.0%), bicyclogermacrene (5.2%), (Z)-lachnophyllic acid (17.0%), (Z)-lachnophyllum ester (25.5%) and (E)-nerolidol (4.2%). (E)-β-Farnesene has also been reported as a major component from B. lacera leaves from Nigeria [2d]. However, thymoquinol dimethylether (34%), the major component reported from the Nigerian oil, was absent in the sample from Nepal. Thymoquinol dimethylether has also been reported in the essential oil of B. lacera from Vietnam [3a] . Other major compounds reported from the essential oil of B. lacera essential oil were 1,8-cineole, fenchone, citral, and borneol [2d] .
(Z)-Lachnophyllum ester (1) was isolated as a colorless crystalline solid that liquefied at normal room temperature. Although the 13 C NMR shifts of (Z)-and (E)-lachnophyllum ester are almost identical, the chemical shift of C(5) and the coupling constant J 2-3 give an unambiguous differentiation between the two isomers. For the (Z)-isomer, C(5) has a carbon shift of 86.9 ppm whereas that for the (E)-isomer is 83.7 ppm. Moreover, the cis coupling constant J 2-3 is 11.45 Hz, consistent with literature data [4b] .
It is intriguing that B. lacera oil showed much higher concentrations of both (Z)-lachnophyllic acid and (Z)-lachnophyllum ester compared with the (E) isomers. From a stereochemical stability standpoint, the (E) configuration should be more stable than the (Z). Density functional calculations, carried out at the B3LYP/6-31G* level, indicate (E)-lachnophyllum ester to be more stable than the (Z) isomer with ΔG° = 2.96 kcal/mol. Both (E)-and (Z)lachnophyllum esters, with the (E)-isomer predominating, were found in Baccharis trinervis essential oil [4b].
Both B. lacera essential oil and the isolated (Z)-lachnophyllum ester were subjected to cytotoxicity screening against MDA-MB-231 (human mammary adenocarcinoma), MCF-7 (human mammary adenocarcinoma) and 5637 (human urinary bladder carcinoma) cell lines. Both the oil and 1 showed promising activity against these three cell lines with greater cytotoxic selectivity towards MDA-MB-231 cells ( Table 2) in Morang district in Koshi Zone in Nepal on 21 May 2011. The plant material was identified by Nawal Shrestha and a voucher specimen (1032) has been deposited in the herbarium, Tribhuvan University, Biratnagar. Fresh aerial parts (1000 g) were crushed and hydrodistilled using a Clevenger type apparatus for 4 h. The clear pale yellow essential oil (10 g) produced was stored at 4°C.
Gas chromatography -mass spectrometry:
Blumea lacera oil was subjected to GC-MS analysis on an Agilent model 6890 gas chromatograph, an Agilent 5973 mass selective detector, and HP-5ms column, as previously described [5a] . Identification of the constituents of the volatile oil was based on their retention data (retention indices) determined with reference to a C 10 -C 40 n-alkane homologous series, and by comparison of their mass spectral fragmentation patterns [5b] stored on the MS library (NIST 11, WILEY 10, FFNSC version 1.2). and 5637 (ATCC No. HTB-9) cells was carried out using the MTT method for cell viability, as previously described [5a] .
Antimicrobial and cytotoxic screening:

Isolation of (Z)-lachnophyllum ester:
A sample of B. lacera essential oil (9.0 g) was subjected to preparative flash chromatography on a silica gel column (55 cm L  4 cm D) eluting with a n-hexane/ethyl acetate step gradient (100% n-hexane, 1000 mL; 20% EtOAc, 300 mL; 40% EtOAc, 500 mL, 60% EtOAc 500 mL; 80% EtOAc 300 mL, and 100% EtOAc 400 mL). A total of 60 fractions (50 mL each) was collected; fractions were analyzed by GC-MS. Fractions 21-25 were combined and chromatographed on silica gel (25 g) eluting with n-hexane/diethyl ether (1:1) to give 44 mg pure (Z)-lachnophyllum ester as a colorless crystalline compound. 13 
Density functional theory calculations:
All calculations were carried out using Spartan '14 for Windows (v. 1.1.2) [6a] . The hybrid B3LYP functional [6b] and the 6-31G* basis set [6c] were used for the optimization of all stationary points in the gas phase.
